Introduction
laser and a right-angled side-firing free-beam delivery system. The aim of the present study was to characterize Biodegradable spiral stents made of self-reinforced polyglycolic acid (SR-PGA) and self-reinforced polylactic acid the tissue eCects of SR-PGA and SR-PLA stents in combination with Nd5YAG laser irradiation in a canine (SR-PLA) are a new generation of devices for temporary stenting of the urethra. These materials have been in model, using the stainless-steel (SS) spiral stent as the reference material for comparison. clinical use for more than 20 years as suture materials and surgically implanted devices. In an experimental study, SR-PLA showed good biocompatibility in the
Materials and methods
anterior urethra of the rabbit [1] . The SR-PGA spiral stent has been used in combination with visual laser
The biodegradable spiral stents were manufactured from PGA or PLA by extrusion and die-drawing [8] ; the draw ablation of the human prostate (VLAP) to ensure postoperative voiding, with promising results [2] . The eBcacy ratio of SR-PGA wire was 4 and for SR-PLA was 7. In the current PLA stent, the wire is a copolymer of l-and and safety of lasers have been studied in dogs and humans [3] [4] [5] [6] [7] , and VLAP has become an alternative for d-tereoisomers of lactic acid in a ratio of 9654. The wire tends to straighten so that the outer diameter the treatment of BPH. The therapy is based on photoincreases by about half during incubation for 14 days. The material is biocompatible and degrades in vitro into Accepted for publication 7 August 1997 Table 1 The number of dogs in the treatment groups and the glycolic acid, mainly by hydrolysis [9] , the end-products follow-up times being water and carbon dioxide [10, 11] . The mechanical properties and the degradation time depend on the degree The configuration of the spiral stents was designed Total 10 8 7 according to the anatomy of the canine urethra. The stents were 4 mm in diameter, the wire of the SR-PGA and SR-PLA spiral stents was 0.5 mm (Bioscience Inc, Tampere, Finland) and the wire of the SS was buCered formalin and embedded in paraBn and sections 0.3-0.4 mm in diameter (CerclageA, Aesculap, prepared using the Herovici-van Gieson method. The Germany). SR-PGA and SS spiral stents were sterilized histological findings were graded and the histopathologin ethylene oxide and the SR-PLA stents sterilized with ical eCects summarized; the tissue changes in the urinary gamma irradiation.
bladder and the prostate were defined as: erosion (not present 0, present 1), acute inflammation (0-3: not present 0, mild 1, moderate 2, severe 3), chronic Operative procedure inflammation (0-3), necrosis (0-3), dysplasia (0-3), Twenty-five dogs (median body weight 12 kg, range fibrosis (0-3), and foreign-body reaction (0-2). 10.2-15.0) underwent a one-stage midline laparotomy Specimens were also taken for hydroxyproline measureand cystotomy. A SideFiber 1800A (CeramOptec GmbH, ment [12] from the prostate at the site of the cavity on Bonn, Germany) laser fibre was placed into the prostatic one side. The Mann-Whitney U-test was used to evaluate urethra antegradely without visual control. Nd5YAG diCerences in hydroxyproline values between sample laser energy was applied to both side lobes at a power times, with a P value of <0.05 considered to indicate setting of 20 W for 10 s (20 dogs) and 40 W for 20 s statistical significance. (five dogs) for each coagulation spot. The laser treatment was followed by dilatation of the prostatic urethra to Results 4 mm in diameter and insertion of a spiral stent. After treatment, no catheter was placed and the animals were At the 1-month follow-up, a demarcated lesion, e.g. a allowed to void and move freely. Enrofloxacin 5 mg/kg cavity or crater in the prostatic side lobes, was noted on (BaytrilA, Bayer AG, Leverkusen, Germany) was used gross examination in all dogs in all treatment arms for 3 days after treatment as prophylaxis. The dogs were (Table 2 ). In the SR-PGA group, two dogs treated with observed to record the beginning of voiding, pain and a high-energy schedule had side-eCects. The first had a wound healing. One dog underwent re-operation 2 days after surgery because of urinary retention caused by a Table 2 A summary of the histological findings for the prostate blood clot. In that animal, an 8 F infant-feeding tube and urinary bladder. The mean value was calculated for each follow-up assessment using the grading systems described in was placed retrogradely into the urethra and a new the methods SR-PGA spiral stent placed along the feeding tube antegradely. The end of the feeding tube was fixed to the immediately below the prostate and the distal urethra.
The histological samples were fixed in 10% phosphate-perforation in the bladder and peritonitis, and histologically showed severe inflammation periurethrally with some calcifications. The epithelium was destroyed in large areas and squamous cell metaplasia, charring and haemosideroblasts were found. Some stent material was left in the lumen. In addition, there was severe inflammation with granulation and calcifications in the proximal urethra. In the other dog, there was macroscopically evident sloughing of tissue, but no stent. Histologically, there was necrosis in large areas with a thin layer of vital prostate, inflamed at the periphery. The third dog in the SR-PGA group at the 1-month follow-up was treated with a lower energy dose. Gross examination revealed only small cavities in the prostatic side lobes, and a healthy-looking bladder and urethral mucosa; stent fragments were absent. Histology revealed chronic inflammation and squamous cell metaplasia in one area. In both dogs in the SR-PLA group at 1 month, the intact stent had migrated distally. Histologically, chronic inflammation and many calcifications were found in both dogs, with some foreignbody reactions in one. Only one dog remained in the SS stent group at 1 month, and this animal had a macroscopically thick bladder wall, with the stent still in place. Histologically, there was moderate non-specific inflammation, thrombosis, minor oedema and haemosideroblasts. Histologically, there was a foreign-body reaction and and the lumen covered with normal epithelium. Herovici-van many calcifications (Fig. 1a) . The two dogs in the SR-PLA Gieson. ×100.
96 group at the 3-month follow-up had many small curved and circular stent fragments in the bladder; the changes in histology were minimal. Two dogs in was very mild chronic inflammation. The two dogs in the SR-PLA group had similar gross findings and no the SS stent group had the stent macroscopically in the correct position with no stones or encrustation. histological changes. In the SS stent group, two dogs had the stent in the correct position and the urethra There was moderate inflammation, and squamous cell metaplasia. was reddish; one had three stones 5 mm in diameter in the bladder, and histologically one had chronic At the 6-month follow-up, gross examination and histology of the three dogs in the SR-PGA group showed inflammation, subepithelial proliferation of blood vessels and epithelial hyperplasia. The other had erosions, minimal changes with only small cavities in the prostatic lobes. Two dogs in the SR-PLA group also had minor subepithelial inflammation, partial desquamation and atypia of the epithelium with mitotic activity, and changes; the stent had disappeared and there were no stones. One had prostatitis with epithelial dysplasia, but calcifications. The histopathological eCects on the prostate and the other had no tissue changes (Fig. 1b) . Two dogs in the SS stent group had a reddish bladder wall with the urinary bladder are summarized in Table 2 . The histological changes were minor in the proximal urethra. stent correctly placed, and no stones or encrustation. One had a cyst 1.5 cm in diameter in the left lobe of the Severe inflammation, granulations and calcifications were found in the SR-PGA group treated with a highprostate. Histology showed moderate and minor chronic inflammation and haemosiderophages.
energy dose at the 1-month follow-up. In addition, the two dogs in the SS stent group that were also treated At the 1-year follow-up, gross examination of the one dog in the SR-PGA group, the bladder was normal with a high-energy dose had some squamous cell metaplasia and minor inflammation at the 1-year and the prostate had large cavities in the lobes; there follow-up. There were no histological changes in any comparable with other published histopathological findings at 1 and 3 months. dog in the distal urethra, which was outside the contact area of the stent.
Video laparoscopy can provide access to the canine bladder and prostatic urethra to allow VLAP without The stent material was not embedded or incorporated into the tissues in any of the histological samples. Some either open laparotomy or urethrostomy. were successful with a video-assisted technique for remnants of suture material were evident at the area of cystotomy closure sites, in a few cases for up to 3 all eight of their dogs.
In the present open method, access to the prostatic urethra was also antegrade. months. Urine analysis revealed no infection; the mean (range) creatinine level was 71 (56-84) mmol/L before However, early in the series, the lack of visual control of the laser beam caused complications. surgery, 66 (54-79) at 2 weeks, 72 (67-81) at 1 month and 73 (62-86) mmol/L at death, with no significant
The canine prostate is composed mainly of glandular elements with little stroma, which causes the eCect of diCerences. The hydroxyproline analysis showed no significant diCerences between the groups.
laser prostate therapy to diCer from that in the human prostate; coagulation in the latter may not be homogeneous [16] . Costello et al. reported histopathological Discussion changes after Nd5YAG coagulation in patients who subsequently underwent prostatic resection or open prosBoth stents and lasers have previously been described for the treatment of BPH in clinical practice. Although tatectomy. Initially the changes were akin to those after a thermal burn; there was an immediate loss of cellular PGA and PLA have been used in daily surgical practice for many years, the combination of Nd5YAG laser integrity followed by an inflammatory cell infiltration and subsequent tissue necrosis. Evidence of necrotic irradiation with a biodegradable self-reinforced spiral stent in the urethra is new and requires analysis of any tissue in the resection specimen 10 months after laser application, together with the presence of vascular interaction.
The present study suggests that adverse eCects on the thrombosis in the periphery of viable gland, suggests that continuing ischaemia may contribute to the pathoprostate and bladder epithelium are minimal; at 1-3 months, the macroscopic and histological findings for logical changes [6] . Hydroxyproline is almost always found in collagens SR-PGA, SR-PLA and SS stents were similar in the transitional cell epithelium. Later, the amount of fibrosis, and thus widely used as an indicator of collagen synthesis. Earlier studies revealed that serious fibrotic obliteroedema and inflammation increased in the SS stent group; erosions of the epithelium with subepithelial ation is possible and depends upon the material of the stent [17, 18] . However, there were no significant diCeroedema was seen only in this group. This is logical, as after the biodegradable material is lost there can be no ences in the mean amount of hydroxyproline in the three groups in the present study, indicating that no risk mechanical irritation. SR-PGA and SR-PLA are weak acids, but their degradation is so slow that changes in of fibrosis of the urethra is to be expected, at least up to one year after treatment. pH are insignificant. Although studies in humans have shown no evidence of stones on SR-PGA stents, one case Late adverse eCects, e.g. perforation, fibrosis and retention caused by stent fragments, did not occur in dogs did occur in the present study, with another dog in the SS stent group having three large stones. There was no with SR-PGA or SR-PLA stents; the one case of apical stricture was assumed to be caused by the re-operation encrustation of the stents.
There is an eCect of Nd5YAG laser irradiation on and use of a catheter, which remained in situ for an additional 5 days. prostatic tissue and some of the tissue change may be cause by laser treatment. Reports suggest that laser These results provide an insight into the eCects of implanted biodegradable materials on irradiated prostatic eCects on the canine prostate are cellular and interstitial oedema, vascular thrombosis and increased interstitial tissue and on intact uroepithelium. That histology revealed no signs of malignant transformation supports haemorrhage, occuring over 3-7 days. Necrotic areas then develop gradually, followed by cavitation.
earlier findings on these materials, which have shown good biocompatibility [19] . Although diCerences between Proliferation of epithelium with squamous cell metaplasia is a distinct feature, which is not considered a the canine and human prostate are evident, we assume that the results of these experimental methods in the dog pre-malignant condition. Healing is achieved within a few weeks after laser treatment [13] ; the initial would be similar to those in humans. As the histopathological changes during the follow-up were minimal at the re-epithelialization of the resulting cavity occurs at 3 weeks, with nearly complete epithelialization 7 weeks 1-year follow-up in the SR-stented groups we conclude that the biocompatibility of SR-PGA and SR-PLA stents is after laser treatment [4] . The present series included four cases of squamous cell metaplasia and the results were good when combined with Nd5YAG laser treatment.
